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RESEARCH OBJECTIVES

Interest in the biogeochemical cycle of uranium (U) is grow-
ing, especially for remediating contaminated environments.
The mobility of U depends strongly on its oxidation state, with
U(IV) being much less soluble than U(VI). Therefore, some
strategies under development for immobilizing U in contami-
nated sediments are aimed at promoting precipitation of U(IV)
minerals, typically by injecting organic carbon (OC) into sedi-
ments to stimulate microbial U(VI) reduction. Previously,
observations of OC-stimulated U reduction have only reported
fairly short-term results. Our studies are directed at under-
standing the conditions controlling longer-term stability of
bioreduced U.

APPROACH

Columns packed with a U contaminated (206 mg kg‘l) sed-
iment obtained from the Natural and Accelerated
Bioremediation (NABIR) Program’s Field Research Center in
Oak Ridge National Laboratory were supplied with sodium
lactate (32 mM OC) solutions, and effluent solution chemistry
was monitored. U oxidation states were determined nonde-
structively in soil columns at the Advanced Photon Source,
GSECARS beamline, by micro-X-ray absorption spectroscopy
(micro-XAS). Fluorescence spectroscopic measurements were
conducted to determine the U species in effluents. Microbial
communities within sediment columns were characterized by
high-density oligonucleotide array analyses and real-time
quantitative polymerase chain reaction methods..

limitations allowed Fe(III) to persist as terminal electron accep-
tors for U reoxidation.

SIGNIFICANCE OF FINDINGS

These results show that in situ U remediation by OC-based
reductive precipitation can be problematic in sediments when
uranyl carbonates are stable, and that OC concentrations in
remedial solutions need to be carefully considered to minimize
carbonate-enhancement of U(VI) solubility. This work also
demonstrates the need for long-term experiments to evaluate
remediation strategies that rely on transforming actinides and
metals to low-solubility products. In considering much longer
time scales set by the half-life of 238U, the practicality of reduc-
tion-based immobilization strategies in regionally oxidizing
sediments needs to be carefully reevaluated.
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